We present results of two-color VR photometry of the intermediate polar RXS J1803. The data were aquired using the Korean 1-m telescope located at Mt. Lemmon, USA. Different "high" and "low" luminosity states, similar to other intermediate polars, were discovered. No statistically significant variability of the color index with varying luminosity was detected. The orbital variability was found to be not statistically significant. Spin maxima timings were determined, as well as the photometric ephemeris for the time interval of our observations. The spin period variations, caused by interaction of the accretion structure with the rotating magnetic white dwarf, were also detected. These variations are of complicated character, and their study requires further observations. We determine the color transformation coefficients for our photometric systems, and improve on the secondary photometric standards.
INTRODUCTION
Cataclysmic variable stars are excellent natural laboratories to study various astrophysical processes (cf., Warner 1995; Hellier 2001) . The total number of main characteristic processes is 23 for a whole class of cataclysmic variables (CVs), slightly smaller in the corresponding sub-classes (see Andronov 2007 Andronov , 2008 for recent reviews). The basic model of a cataclysmic variable is a close binary system with a red dwarf, which fills its Roche lobe and loses its atmosphere through the vicinities of the inner Lagrangian point. The primary star in the system is a compact white dwarf, which is typically more massive than the secondary (red dwarf). These systems are called close binary systems for a reason that an orbital separation is of order of a solar radius. Thus their periods typically range from 82 to 120 minutes (short-period CVs), from 180
From a theoretical point of view, the behavior of the system (and thus its classification) depends on the parameters of the system (i.e. masses and radii of component stars, orbital separation, eccentricity and inclination), accretion rate (amount of mass accreted per unit time), the magnetic field, i.e. more concretely, on the radius of magnetosphere R A (Alfvén Radius), co-rotation radius R ω , radius of the white dwarf R wd and distance from the center of the white dwarf to the inner Lagrangian point R L . For "non-magnetic" stars, R wd ∼ R A ∼ R ω ≪ R L , and the accretion disk is being formed -relatively stable, as in the nova-like, or cyclically, as in dwarf novae. For "classical" polars,
Between these two extreme classes, there is a very interesting class of magnetic cataclysmic variables, called "intermediate polars". They often show two main types of variability: the "orbital" one caused by rotation of the binary system with a period of (typically) 3-7 hours and the "spin" one (from a few to dozens of minutes) caused by intrisic faster rotation of the magnetic white dwarf with plasma falling via accretion columns. Sometimes "spin-orbital" beat periods are observed (see the classical review by Patterson 1994 for more details). Because the accreting matter transfers mass and angular momentum to the white dwarf, it undergoes period variations, which may be (and should be) studied photometrically. Some systems show period variations, which are caused by varying mass transfer of the system and by varying orientation of the magnetic axis and/or rotational axis (precession) of the white dwarf (e.g., Andronov 2007 Andronov , 2008 To study dependence of the characteristics of cataclysmic variables on time and luminosity state, an extensive monitoring of the group of key objects of different classes is needed, initiated in 1978 by Prof. V. P. Tsessevich (1907 Tsessevich ( -1983 and is carried out since then as an international "Inter-Longitude Astronomy" (ILA) project (see e.g., Andronov et al. 2003 Andronov et al. , 2010 for a sample review of the the highlights). The total number of publications on the project listed in the ADS is currently 310. Since 2003, such an extensive monitoring of the cataclysmic variables (as a part of this general "ILA" project) was initiated in Korea by Prof. Kim Yonggi mainly by using the 1.8m telescope of the Bohyunsan optical astronomical observatory and the 1-m Korean telescope at the Mt. Lemmon Observatory (USA). Results of this campaign on selected stars were published by Kim et al. (2004 Kim et al. ( , 2005ab, 2009 ) and by Andronov et al. (2005abc, 2008ab) ; some other stars are being further monitored.
The object 1RXS J180340.0+401214 (hereafter RXJ 1803) is one of the few newly discovered intermediate polars, which were included in our monitoring list. Although the preliminary period, co-ordinates and the main characteristics were published in the corresponding discovery paper by G'ansicke et al. (2005) , we focus on these objects assuming the following main goals: 1) study of the dependence of the characteristics of variability on either time, or luminosity, as these objects, like other cataclysmic variables, exhibit high and low luminosity state and transitions between them: 2) derive the two-color VR photometry, which, contrary to the majority of one-color (or even "clear light"="unfiltered") CCD observations, allows one to estimate the color index information for different components of variability (i.e., "spin" variability due to rotation of the magnetic white with one or two visible accretion columns; "orbital" variability due to the rotation of the system as a binary (which is only present in the classical eclipsing binaries); "luminosity" changes): 3) determine the precise ephemeris and the extrema timings, which will be useful for future studies of the spin period variations (i.e., rotational evolution of the magnetic white dwarf).
Since its discovery, RXJ 1803 was included to our list for monitoring. (Ritter and Kolb 2003-2010) . Only two more papers were published on this object, except catalogues. This shows that the system is still badly studied. Teichgraeber et al. (2007) confirmed the periods reported in the discovery paper, although the apparently slight difference in periods causes errors in cycle counts. Anzolin et al. (2008) detected X-ray variability at the spin period of 1520.5s and also a "spin-orbital beat" variability at 1697s.
According to the "General Catalogue of Variable Stars" (Samus' et al. 2009 -2011 ), SIMBAD (2011 and VSX (Watson 2006 (Watson -2011 , the object has no official name yet, as a variable star. It is located in the Hercules constellation, as the prototypes of X-ray polars (HZ Her), classical polars (AM Her) and intermediate polars (DQ Her) -see the catalogue of Ritter and Kolb (2003-2010) . Here we present results based on data aquired using the Korean 1-m telescope located at Mt.Lemmon, USA. A detailed analysis using a complete set of data, including the one obtained at 4 more telescopes in Ukraine and Slovakia, is in preparation (Andronov et al. 2011 ).
OBSERVATIONS
V and R-band time-series observations were acquired using a 2 × 2 K CCD camera mounted on the LOAO 1.0m telescope, in Arizona. Given the CCD plate scale of 0.64 arcseconds/pixel at the f/7.5 Cassegrain focus, the image field-of-view was 22.2 arcminutes square.
Our image data reduction procedure included bias, dark and flat-field calibration, and was performed with the IRAF package CCDRED. Instrumental stellar magnitudes were derived empirically by fitting the pointspread functions (PSFs) of stars using the IRAF package DAOPHOT (Stetson 1987; Massey & Davis 1992) . Table 1 shows the journal of observations. During this campaign, we collected 398 observations (144 measurements in the V photometric system obtained during 11 nights (21.7 hours) and 254 R data points obtained during 16 nights (38.3 hours)). For 9 nights, we provided two-color photometry as a sequence of measurements with alternating VR filters.
The original observations (HJD, magnitude) are available upon request.
CALIBRATION OF COMPARISON STARS
In Fig. 1 we present the finding chart for the variable star under study, along with 21 nearby stars used as comparison (sometimes called "reference") objects. According to our notation, the stars "1" and "2" coincide with "C1" and "C2" of Gänsicke et al. (2005) m 840. Hereafter, we will use "V" and "R" (or V H and R H ) instead of "V" and "Rc", as a "standard" system, in contrast with the "instrumental" system V i , R i .
An accurate calibration is needed for further data reduction. For this purpose, we have chosen 21 stars in the field, the calibration for which was published by Henden (2005) . The magnitudes were determined using the "artificial" (mean-weighted) star method (Kim et al. 2004) , implemented in the MCV code (Andronov & Baklanov 2004) . The error of the brightness estimate of the artificial comparison star is 0.
m 0065 in V and 0. m 0050, a value much lower than any other quoted error of the magnitudes of the comparison stars. The smallest magnitude errors are for the "best" comparison star C1 (0. m 014 in V and 0. m 0138 in R). Obviously, the variable has a much larger value of the root-mean-squared deviation of the mean (0.
m 224 in V and 0.
m 331 in R) than any of the comparison stars, because of its intrinsic variability. The typical r.m.s. errors for a single magnitude measurement of the variable star, estimated from the scatter of the comparison stars with similar brightness of ∼ 17.
m 5 is ∼ 0. m 05 in V and ∼ 0.04 in R, respectively. Because the star is faint, a 1-m telescope was used for the data collection, as smaller ones are not accurate enough.
In Table 2 , we list the magnitudes of the comparison stars. The zero-point brightness in the "instrumental' system was defined so that the VR magnitudes of the "main' comparison star C1 were fixed to the values by Henden (2005) . Then, using the MCV code (Andronov & Baklanov 2004) , we determine the mean brightness of other comparison stars, as well as the corresponding statistically optimal weights and the scatter estimates. Our results are more accurate than thosee previously published because they are based on 144 and 254 data points instead of one estimate.
We have determined the color transformation coefficients between our "instrumental" ("i") and Henden's (2005) "H" photometric systems. They are listed in Table 3 . Fig. 2 . A clear trend with a correlation coefficient of r = 0.988 ± 0.035 is evident from the plot. This corresponds to a nearly linear dependence, although some points are shifted from the best fit line. However, the slope b = 0.859 ± 0.030 differs from unity by 4.6σ, i.e. it is statistically significant. We also determined the slope b 3 = 0.868 of the orthogonal regression (Isobe et al. 1990 ), which, for such a good correlation, is close to the value of b, and thus differs from unity.
After determining the color transformation coefficients, we computed the "corrected instrumental" magnitudes of the variable star and of the comparison stars. They are also listed in Table 2 and they may be used for calibration to the standard photometric systems V, Rc during multi-color observations. However, as only half of the runs are two-color (the rest are either in V, or R), we analyze the two runs in the instrumental system and convert them into the "standard" (V-Rc) color index using the color transformation coefficients listed in Table 3 .
Among these comparison stars, we found no variables. However, for other cataclysmic variables from our list, eight new variables were discovered in the ap- 
LONG-TERM LUMINOSITY CHANGES
The time light curve of RXJ 1803 is shown in Fig. 3 for the observations in V and R. The scatter is mainly due to orbital and spin variability, as the accuracy estimate of a single point is ∼ 0. m 04. One may note that the mean level for the observations undergoes switches between two values, which one could mark as "high" and "low" luminosity states, similar to other intermediate polars. For our observations, the "high" state occurs for the nights 2454217-363 and lasted at least 245 days. This is a lower limit, as the transitions between the luminosity states were not observed. The sample mean values of brightness areV i = 17. m 564 ± 0. m 018, R i = 17. m 112 ± 0. m 015 for 126 and 119 data points, respectively. The corresponding color index is (V −R) i = 0. m 452 ± 0. m 023. For the two last runs in a "low" state, the mean brightness values areV i = 18. m 060 ± 0. m 043, R i = 17. m 637 ± 0. m 042, (V − R) i = 0. m 422 ± 0. m 060. Although the system appears to be slighly "redder" in the high state, like a magnetic cataclysmic variable (asynchronous polar) BY Cam (Andronov et al. 2008 ) and as opposed to "non-magnetic" cataclysmic variables, Table 2 . Calibration of the comparison stars. The index "H" corresponds to the Henden's (2005) estimates, "i" to our "instrumental" system, and "ci" to the "corrected instrumental" systems. Table 3 . Characteristics of the color transformation coefficients between the standard "H" (Henden 2005) and our instrumental "i" systems. The linear fit is taken in a form
, wherex is a sample mean of x. The last form corresponds to the best accuracy of the "zero point"ȳ as compared to a. The number of comparison stars used is n = 21. Also listed are the slope of the line of the orthogonal regression b3, the "unit weight error" σ0, the correlation coefficient r and the parameter r/σr = b/σ b . this difference may not be statistically significant because only two short runs were obtained in the "low" state with 18 and 17 data points in V i and R i , respectively. The magnitude difference between the "high" and "low" states is ∆V = 0. m 50. The color index in the "high" luminosity state reduced to the standard photometric system is (V − R) H = 0. m 489. This value is close to that of 0. m 452 in the instrumental system.
ORBITAL AND SPIN VARIABILITY
In the discovery paper, Gänsicke et al. (2005) noted an orbital period of RXJ 1803 of 160.2101 minutes=0.111257 days based on spectral observations, which is not well pronounced in the photometric data. The sine fit for the data at the "high" state corresponds to a "semi-amplitude" in V i of r = 0. m 053 ± 0. m 026, i.e., only 2σ. This is not statistically significant, so the orbital variability may be neglected. In R i , r = 0. m 005 ± 0. m 021 is even conciderably smaller. The published values of the spin period are 1520.510 sec=0.01759850 days (frequency f = 1/P =56.82304 cycles/day) (Gänsicke et al. 2005) and 0.01764120(3) days (f = 56.68549 cycles/day) (Teichgraeber et al. 2007 ). This apparently small difference causes a cycle count error by unity every 7.3 days, or 50 cycles per year, thus the determination of spin periods needs improvement.
In Fig. 4 we show a periodogram S(f ) in the range 45-65 cycles/day, in the vicinities of the expected peak, for the R i data. The test function S(f ) is the square of the correlation coefficient between the observations and the values calculated using the sine fit with a trial frequency (see Andronov 1994 Andronov , 2003 for details). The highest peak corresponds to a frequency of f = 55.8201 ± 0.0008 cycles/day, spin pe-
m 110 ± 0. m 019 and initial epoch for the maximum T 0 =HJD 2454246.16667±0.00049. This frequency is a daily bias of the values previously published by Gänsicke et al. (2005) and Teichgraeber et al. (2007) . In the range of frequencies 56-57 cycles/day, the highest peak corresponds to the value of f = 56.8250 ± 0.0008 cycles/day, P spin = 0. (Andronov 1991) , which computes the periodogram for the moments of "characteristic events" (for intermediate polars, photometric maxima). We show this periodogram in Fig. 5 . Separately, we have computed similar periodograms for all the 11 timings and for last 5 (4 ours and one of of Teichgraeber et al. 2007 ). The best fit periods and the initial epochs are P = 0.
d 017600489(41), T 0 = 2452854.61979(8) for the observations of Gänsicke et al. (2005) and P = 0.
d 017599193(23) and T 0 = 2453977.7540(3). The last digit under brackets is an error estimate. This difference is statistically significant (28σ) and does not allow to constrain a joint ephemeris for all the 11 timings. Assuming that this difference is due to period variations, which are sometimes seen in the intermediate polars (cf., Andronov et al. 2005ab; Kim et al. 2005b ), we estimate the period derivativė P ≈ (P 2 − P 1 )/(T 2 − T 1 ) = −1.15(4) · 10 −9 . However, the corresponding quadratic term in the ephemeris does not allow to make a good fit for all the maxima. So we need intensive monitoring surveys to properly address the question of period variations.
CONCLUSIONS
The main results of our study of RXJ 1803 can be summarized as follows: • We discover "high" and "low" states;
• We found absence of statistically significant variability of the color index with changes in luminosity; • We argued that orbital variability is not statistically significant; • We determined the maxima timings which allowed us to compute the ephemeris for the time interval of our observations; • We detected spin period variations. However, the character of this variability caused by rotational evolution of the magnetic white dwarf in the system needs further observations;
• We computed the color transformation coefficients for our photometric systems, as well as improved secondary photometric standards.
